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SEQUENCE SELECTIVE COMPOUNDS 

Technical Field 

The present invention relates to sequence selective compounds for targeting 
therapeutic or diagnostic groups to polynucleotides. More particularly, the present 
3 invention relates to sequence selective targeting of metallo complexes, such as 
me 



Background of the Invention 

Cisplatin is a metallo anticancer drug which stops replication within cells by 

to binding irreversibly to nitrogen (N7), of guanine (G) and adenine (A), and forming 
intrastrand and interstand crosslinks in the major groove of DNA. However, cisplatin 
binds indiscriminately and also binds with macromolecules other than DNA. This 
indiscriminate binding can lead to adverse effects in healthy cells. Cisplatin is currently 
used to treat testicular, ovarian, bladder, head and neck, lung and cervical cancers. 

15 However, a drawback of cisp latin is that many human cancer cells have a natural 
resistance to cisplatin, and those that can be treated may later develop resistance to the 
drug. In addition, treatment with cisplatin may produce severe side effects in patients, 
including nephrotoxicity, neurotoxicity, ototoxicity, impairment of sex hormone 
production and psychosocial difficulties as well as nausea and hair loss. Second 

20 generation platinum drugs (such as carboplatin, ZD0473, oxaliplatin) have been 
developed, however, like cisplatin, they cause indiscriminate, irreversible damage and 
disadvantagcously may have similar negative side effect profiles. 

Parrell, et al. Inorg Chem., 38, (1999), 353S describe metaUodmgs based on 
cisplatin but having two or three platinum centres linked by an alkyl chain. These 

25 compounds have been shown to cross the cell membrane and bind to DNA and are active 
in some cisplatin resistant cell tines. However, like cisplatin, these compounds are not 
sequence specific. 

Brabec and co-workers {Biochemistry, 2000, 39, 12639-12649; Eur. J. Blochem* 
1999, 266) have prepared compounds in which cisplatin is attached to the minor groove 
30 binding molecule, distamycin. However, whilst distamyoin has an affinity for sequences 
in the minor groove, it is not sequence selective. Moreover, in those compounds the 
coupling of the platinum moiety to the very end of the distamyoin restricts the binding 
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interaction of both groups and neither the distamycin nor the platinum are in a position to 
optimise their binding interaction. 

The present invention relates to compounds in which a metallo complex, such as a 
metallodnig or metallo-diagnostic compound, is attached to a sequence selective 
j polyamide(s) as a means of selectively targeting the metallo complex to a particular 
sequence of interest. 

Summary of the Invention 

According to a first aspect of the invention there is provided a compound of formula (1) 

io [M , -T l V|P 1 .T 2 .M 2 ]b-fT 3 -P 2 ]o (1) 

or a salt thereof, 
wherein 

M 1 and M 2 are die same or different and are each a metal coordination complex, 
wherein at least one of M 1 and M 2 is capable of interacting with a major groove or minor 
is groove of a polynucleotide; 

P 1 and P 2 are the same or different and are each a pynole-imidazole polyamide; 
T\ T 2 and T 3 are the same or different and are each a linker group; 
aisOorl; 

b is an integer selected from 1, 2, 3, 4 and 5; wherein when b is an integer greater 
zo than I, each P 1 , each T* and each M 3 may be the same or different; and 
cisOorl. 

The compound of formula (1) may be charged or uncharged. In one embodiment 
the compound of formula (1) is charged. 

In one embodiment of the first aspect of the invention a - O p b = 1, and c = 0. In 
zs another embodiment, a = 0, b « 1. and c = 1. In another embodiment a *- 1, b « 1, and c 
0. 

At least one of M 1 and M 2 may bind covalently to a major groove or a minor groove 
of a polynucleotide. Por example, at least one of M l and M 2 , such as M 2 , may bind 
covalently to a mqor groove, 
so In one embodiment, at least one of M 1 and M 2 may be a therapeutic agent. The 

therapeutic agent may be a platinum complex. For example, the platinum complex may bo 
of the general formula [P^diammine)L2] f where each L is a suitable monodentate ligand, 
or two L taken together is a suitable bidentate ligand. For example, the platinum complex 
maybe of the type [Pt(diammine)Cla], such as: 

35 
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Cisplattn 



Q 



Transplatin 



tran&-ammme(cyclohexylamine)- 
methytpyrldiw) ptatimmQI) 



Q, 




cls~ammine(cyclohexylamtne)- 
dichloro platinumfH) 

cts-ammincdichloro(2- dichloro 
plaUnumfU) 



OX 



io cts-amminedichtoro(1.2-diamtn^clohexane) 

platinum(U) 

hi one embodiment, at least one of M l and M 2 may be a reporter group, The 
reporter group may comprise a fluorescent group, or a group capable of becoming 

is fluorescent upon binding, eg, intercalating to, a polynucleotide such as DNA- For 
example, the reporter group may comprise a rhenium complex or a ruthenium complex. 
For example, the ruthenium complex may be of the general formula [RuCL-L)(L , -L , )(L ,f - 
L")] 2+ , where L-L, L f -L\ and L"-L M respectively may bo the same or different And 
represent a bidentate Hgand, or where (1^L)(L'-I/) together represent a tetradentate 

20 ligand, or where any of L-L, L f -L\ and L"-L M may represent two suitable monodentate 
ligands. Examples of bidentate ligands include ^'-bipyridine. S^^dimethyl^ 9 - 
bipyridine, ^-dimethyl^^-bipyridine, dipyrido[J,2-a; 2T-c/phenazine, dipyrido[3,2- 
a^'^^JCe^S^-teti^ydm^henarine dipyrido[*^;2yv/jq tt inoxaline, 9,10- 
phenanthrenenequinone diamine, 2^ > :6 9 ,2 r> -texpyridine l 1,10-phenanthroiine, substituted 

25 1,10-phenanthroIine, including methylated derivatives, 4, 7-di aminos , 1 O-phenanthroline; 
3,8-diamino-l,10-phcmandimluie; 4,7^iethylenediamine-l,10-phmanthroline; 3,8- 
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diethylenediamine-l , 1 0-phenanthroline • 3 i ,„ . 

1,1 0-pheoanthnoIine; or 3,8-djphenyI-l 

10-phenanthmlin ^ 4 f7-diphenyl- 

*scrib«d to US 6.472,537 to BaW»Tn ^ Wm "*" m " to "' POlyankta tave been 
— *cov. of ^ ^TrZ-^T^ ^^in ^. 

> - .a *, ^rL ptrc^z^r ie6 r m,y be *• * <■ >■ *■ * «■ 

B^MtoU^ ^ be ' « ' <>' to- -rt Hp M to . 

poI»n«cl M1 MeMo Mm . ( , fillter «. ° pr ° d " M a setaeHve tor a 



20 



25 



50 
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The linker groups (T\ T 2 , T 3 ) may comprise at least one fractional group suitable 
for coordinating to a metal ion such as Pt, Ru, Rh. Optionally, the linker groups (T 1 , T 2 , 
T 3 ) may comprise at least one functional group suitable for allowing the linker group to 
be bonded, eg, covalently bonded, to a pyirole-imidazole polyamide. For example, in one 
5 embodiment the linker group may have the formula (2) 

^-(GR^OOn-Y 2 - (2) 

wherein 

at least one of Y 1 and Y 2 ia a group capable of coordinating to a metal. For example, 
Y ! and Y 2 may individually be a substituted or unsubstituted amino group such as -N(R 3 >2 
to where R? is hydrogen, alkyl, cycloalkyl, aiyl or heteroaryl; cyelohexylamine; S; O; a 
heteroaromatic group such as pyridyl; 

R 1 and R 2 are independently selected ftom hydrogen, Ci-6 alkyl, C^io aryl, C3.fi 
cycloalkyl, C 3 ^s heterocycloalkyl, and Cc-io heteroaryl; 

X is selected from NH, O, S> spermidine* or is absent; or 
is a (CR'R^X) group taken together may be C« cycloalkyl, C 3 -* heterocycloalkyl, 

C&10 aryl or Q.10 heteroaryl; and 

n is an integer selected from 1 to 20, wherein when n is an integer greater than 1, 
each (CR ! R 2 -X) group may be the same or different. 

For example, n may be an integer selected from I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 
v> 13, 14, 15, 16, 17, 18. 19 and 20. 

For example, in one embodiment the linker group may have the formula (2a) 

-NHi^CR^^^NH^ (2a) 
where R\ R*, X and n are as defined above, and where 

die -NH2 moiety is capable of coordinating to a metal ion, such as Pt, Ru, Rh; and 
25 the -NH- group forms a covalent bond to a pytxole-imidazole polyamide, eg, as part of an 
amide bond. 

For example, when R l and R 2 are hydrogen and X is absent, the linker group may 
be an alkylenediamiae [-NH^^C^-NH-] such as a Cuo alkylenedtanine, Ci* 
alkylenediamine, Ci* alkylenediamine, Cw alkylenodiamine, C»-2 alkylcnediamine, etc 
30 For example, the alkylenediamine may be methylcnediamine, 1,2-ethylenediamine, 1,3- 
pzopylenediamine, 1,4-butylaiediamine, 1,5-pentylenediamine, or 1,6-hexylenediamine. 
As another example, when R 1 and R* are H, and X is O or absent, the linker group may be 
NH2-CT 2 OT 2 CH2-0<%C^ 

In one embodiment of the invention the compound of formula (1) is "trans- 
35 Jm/Py/Py-Pt": 
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where n is an integer selected from 1, 2, 3, 4, 5, 6 t 7,8. 9, and 10, or a salt thereof. 
For example, the compound of formula (1) may be 



5 



or 




lo In another embodiment the compound of formula (1) is "cis-Im/Py/Py~Pt 




where n is an integer selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 1 0, or a salt thereof. 
In another embodiment of the invention the compound of formula (1) may be 
is selected from the group consisting of: 
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and 




10 



where n is an integer selected fioml.2,3,4 5 6 78 o^m 

1n _„ . „ ^» °» '? »> » and 10, or a salt thereof 
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where n is an integer selected fiom 1, 2, 3, 4, 5, 6. 7, 8, 9 and 1 0. or a salt thereof 
According to a second aspect of the invention there is provided a compound of 
formula (3) 



10 



is 



20 




(3) 



where 



25 



M », M 4 , M 3 are the same or different and are each a metal coordination complex, 
wherein at least one of M*. M 2 and M 3 is capable of interacting with a major groove or 
minor groove of a polynucleotide; 

T 1 , T 2 and t 3 are the same or different and are each a linker group; 

P 1 andP* are the same or different and are each a pyrrolc-imidazole polyamide; 

O is a connecting group; 

a and b are independently selected from 0 and 1; and 
mis 1.2, 3 or 4. 

In one embodiment, m is 1. In another embodiment, m is 2. 

The compound of formula (3) may be charged or uncharged, to one embodiment 
the compound of formula (3) is charged. 

In one embodiment of the second aspect of the invention a -= 0. b « 1, m = 1. m 
another embodiment, a = 1, b - 0, and m -= 1. In another embodiment a = 1, b = 1, and m 
- 1 . In another embodiment a - O, b - 1, and m « 2. m another embodiment a = I, b = 0, 
and m » 2. In a further embodiment, a and b are not both 1. 

At least one of M\ M 2 and M 3 may bind covalently to a major groove or a minor 
groove of a polynucleotide. For example, at least one ofM 1 , M 3 and M 3 such as M 3 . may 
bind co valently to a major groove. 
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In one embodiment, at least one of M\ M 2 and M 3 may be a therapeutic agent The 
therapeutic agent may be a platinum complex. For example, the platinum complex may be 
of the general formula (Pt(diammine)lJ t where each Lisa suitable monodentate ligand, 
or two L taken together is a suitable bidentate ligand For example, the platinum complex 
5 may be of the type [Pt(diarnixrine)CI 2 ], such as: 

a 

Harr >ci or >iH3 Hrfr >ci 

Cisplatin JYansplatin cix-ammine(cyclohztylamine)~ 

dichloro platinum(U) 



10 



a 



trvn$^mmine(cyclohexylamOte)- cis-amtnxnedichtoro(2- dichloro 

meikylpyridine) platiman(U) platinum(II) 



ax 



is Ha 

cis-ammwedichforo(l f 2^iaminacyclohexone) 
platinum(7I) 

In one embodiment, at least one of M 1 , M* and M 3 may be a reporter group, such as 
ao a reporter group comprising a fluorescent group or group capable of becoming fluorescent 
upon binding DNA. For example, the reporter group may comprise a rhenium complex or 
. a ruthenium complex. For example, the ruthenium complex may be of the general 
formula P6i(L^L)(L , -L l KL"-U f )] 2+ , where L-L, L'-U, and L M -L" respectively may be tho 
same or different and represent a bidentate ligand, or where (L-L)(L'-L<) together 
as represent a tetradentate ligand, or where any of L-L, L-L', and L n -U' may represent two 
suitable monodentate Uganda. Examples of bidentate ligands include 2 1 2'-bipyridine, 5,5'- 
dimethyl-2^-bipyridine % 4,4'-dimethyl-2 t 2 , ^bipyridine, dipyrido[A^a; ^y'-c/phenazine, 
dipyrido[3,2^2^3V>K6;7^^ dipjnridoy^-rf^g'-yjquxnoxaline, 



(H:\LIBHlttQJ75* dwtfc 
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10 



20 



25 



30 



9.10-phfinanthreDenequimme diamine, 2,2^"-temyrtdine, 1,10-phenanflin.line, 
substituted 1,10-phenanUuoline, including methylated derivatives, 4,7-diamitio-l,10- 
phenanthiolme; a.S-diamino-l.lOphenanthrolinB; Wiemylenediamine-l.V 
phenanthroline; 3,8^emylenedianime»l,l^pheiianth ro iii^ 3,8.dinitro-l,l0- 
' ^^^Whrolinc; ^Hfiphe^l-l^O-phenantfarolinej or S.S-diphenyJ-l.iO^hcnanthrolin'c 
In another embodiment, at least one of L-L, L'-L', and L"-L", or (L-LXL'-L') 
together, may be substituted with a fluorescent group or group capable of becoming 
fluorescent upon binding to a polynucleotide such as DNA, or an intercalate, group. The 
mtercalator group may also be a fluorescent group or group capable of becoming a 
fluorescent group. Examples of fluorescent groups include dppz (dipyrido[5,2-a.-2r- 
ejphemazine), dpqC (dipyrido[3.2-a:^3V^^ ^ 
(dipyrido[J,2^2'5V]guinoxaline). 

In accordance with the present invention, (he pyrrole-imidazole polyamideCs) 
comprise a plurality of heterocyclic ring, selected from the group consisting of optionally 
substituted Ln (where «Im» is N-memylimidazole), optionally substituted Py (where "Py" 
is N-methylpyrrole) and optionally substituted Hp (where "Hp" is 3-hydroxy N- 
aiethylpynole). Respective heterocyclic ring(s) may be substituted, for example, with any 
ana or more groups selected from halogen, C w alkyl, C„ aikenyl, and Cfc,. aryl groups. 
The heterocyclic groups in a pyrrole-imidazole polyamide may be the same or different 
and may be arranged in any order. Examples ofpvnolc-imidazolc polyamides have bean 
described in US 6,472.537 to Baird and Demn, entitled "Polyamides for binding in the 
minor groove of double stranded DNA"; and Bioorgartc and Medicinal Chemistry, 9, 
(2001) 2215-2235, the entire contents of which are incorporated herein by cross- 
reference. 

The number of heterocyclic moieties in each pynole-mtidazole^olyamide may be 
from 2 to 10. For example, the number of heterocyclic moieties may be 2, 3, 4. s, 6, 7, 8 
9 or 10. For instance, the pym>le-imidazole polyamide may be a triamidc or telUmde 
compnsing 3 or 4 heterocyclic groups, respectively, selected from optionally substituted 
hn, optionally substituted Py and optionally substituted Hp, where the heterocyclic groups 
may be m any nominated order. The number and order of Ln, Py and Hp groups in a 
pyrrole-rmidazole polyamide may be chosen so as to produce a polyamide selective for a 
polynucleotide sequence of interest 

For example, the pyrrole-imidazole polyamide may be Im/Py/Py: 



ffcU.l8HHJW7J.Xctor.tJ, 
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II 



25 




30 



The linker groups (T\ 1* T 3 ) may comprise at least one functional group suitable 
for coordinating to a metal ion such as Ft. Ru. Rh. Optionally, the linker groups (t\ 1« 
r) may compnse at least one functional group suitable for allowing the linker group to 
s be bonded, eg, covalently bonded, to a pynole-imid^ote polyamide. For example, in one 
embodiment the linker group may have the formula (2) 

-Y'-CCR'R'.XVY*. (2) 

wherein 

heteroaromatic group such as pyrtdyl; ' 

R' and R 2 are independently selected from hydrogen, C M alkyL Cu* arvl. C. 
cycloalky^C^he^cycloalky^and^heten^l; ^ <V,o aryl, C« 

X is selected from NH, O, S, spermidine, or is absent; or 

a (GR'R^X) group taken together may be cycloalkyl, Ca* heterocycloalkyl. 
Cm 0 aryl or Cimo heteroaryl; and 

n is an integer selected from 1 to 20 wherein ^t,— 
each rm'sJ m — 116161,1 when 11 » « ^ger greater than 1, 

each (CR R -X) group may be the same or different. 

13 MuTTl* r * * ^ 86leCted l > *> 3 - * 5 ' 7, 8, 9, 10. 11, 12, 
13,14,15, 16, 17, 18, 19 and 20. 

For example, in one embodiment the linker group may have the formula (2a) 

NHHCR'R^-NH- (2a) 
where R . R 2 , X and n are as denned above, and where 

the ^ fa ^ ° f COWdinatfa e » * ion. such as Pt, Ru, Rh; and 

t^-^oupmrmsacovalentbondtoa 

For example, when R' and R> are hydrogen and X is absent, the linker group may 
ba an alkyienediami„e f-NH^-NH-] such as a C„o alkylenediammf Z 
alkylenemamine. C„ ^enemamine, C M alkylenediamine, C^X^ZLe. Jl 

propylenedramme. 1,4-butylenediami^ ,, 5 .pan W enediamine, or 1 Aexyleuediamml 
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As another example, when K 1 and R* are H, and X is 0 or ab sent, the linker group may be 

G may be any suitable group capable of connecting two or more pyrrole-imidazole 
polyamides. For example, G may connect two pyrrole-imidazolc polyamides. For 
s example. G may comprise an alkyl amide or alkyl diajcrdde* For example, G may be 




where n Is an integer selected from 1 , 2, 3, 4, 5 and 5, or a salt thcreo£ 
In another embodiment, the compound of formula (3) may be: 
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13 



I 1 





10 



15 



20 



where n i$ an integer selected from 1, 2, 3, 4, 5 and 6. or a salt thereof. 
In another embodiment the compound of formula (3) may be; 




M M-SLJ^v-zN., » 


CkJl 









where n is an integer selected from 1, 2, 3 3 4, 5 and 6, or a salt thereof 

The choice and combination of Im, Py and Hp groups in the respective polyamide 

chains of compounds of formulae (1) and (3) determine sequence selectivity of the 

compound. The value of a, b and m controls the overall charge of the compound. 

For example, the combination of polyamides ta/hn/lm and Py/Py/Py would be 

selective for a central cote of S'-CCC-y in a polynucleotide. As a father example, the 

combination of polyamides Hp/Py/Hp/Py and Py/Hp/Py/Hp would be selective for a core 

sequence of S'-TATA-S'. 

In accordance with a fourth aspect of the invention there is provided a compound 

according to formula (4) 

IP'le-rr^P^rr^Jg (4) 

or a salt thereof, 
wherein 

P 1 and P* are the same or different and are each a pynole-imidazole polyamide; 
T 1 and T* are the same or different and are each a linker group; 
e is 0 and 1; 

f is an integer selected from 1 , 2, and 3; wherein when b is an integer greater than 1 , 
cachT* and each P 2 may be the same or different; and 



0tUJBHIWOJ73vJ.fcc.fc 
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14 



25 



30 



35 



gisOor 1. 

Compounds of formula (4) may be substituted with at least one other group, such as 
a therapeutic group, a diagnostic agent, a metal coordination complex, a fluorophore. 

In accordance with a sixth aspect of the invention there is provided a process for 
i preparing compounds of formula (1) or formula (3) comprising reacting a compound of 
formula (4) with a metal coordination complex to produce a compound of formula (1) (or 
formula (3). 

In one embodiment of the fifth aspect of the invention, compounds of formula (4) 
may be concatenated before reacting with a coordination metal complex. 

In accordance with a sixth aspect of the invention there is provided a 
pharmaceutical composition comprising a compound according to the first aspect of the 
invention together with a pharmaceutically acceptable diluent, adjuvant or carrier. 

In accordance with a seventh aspect of the invention there is provided a 
pharmaceutical composition comprising a compound according to the second aspect of 
the invention together with a pharmaceutically acceptable diluent, adjuvant or carrier. 

In accordance with an eighth aspect of foe invention there is provided a method of 
targeting a therapeutic agents) and/or a reporter group(s) to a sequence in a 
polynucleotide comprising contacting biological material suspected of containing said 
sequence with a compound of formula (1) or formula (3). 

hi one embodiment of the eighth aspect of the invention, the method comprises 
contacting the biological material in vivo. In another embodiment of the eighth aspect of 
the invention, the method comprises obtaining a sample of biological material flom m 
organism and contacting said sample with a compound of formula (1) or formula (3) in 
vitro. 

In accordance with a ninth aspect of the invention there is provided a method of 
treating a disease comprising administering to a mammal in need of such treatment a 
therapeutically effective amount of a compound according to the first or second aspect of 
the invention or a pharmaceutical composition according to the sixth or seventh aspect of 
the invention. 

With reference to the ninth aspect of the invention, in one embodiment the disease 
may be HIV or a proliferative disease, such as cancer. For example, the cancer may be 
selected from breast cancer, ovarian cancer, lung cancer (eg small cell carcinoma), 
oesophageal cancer, testicular cancer, cervical cancer, bladder cancer, thyroid cancer, 
neoblastoma, leukemia, and osteogenic sarcoma. 
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In accordance with a tenth aspect of the invention there is provided a method of 
diagnosis comprising contactix\g a biological sample with a diagno$tically effective 
amount of a compound of the first or second aspect of the invention or a salt thereof or a 
pharmaceutical composition according to the sixth or seventh aspect of the invention. In 

s one embodiment the method comprises contacting said biological sample in vivo, for 
example, by administering to said mammal a diagnostioally effective amount of said 
compound or composition. In another embodiment the method comprises obtaining a 
biological sample from said mammal and contacting said sample with a diagnostically 
effective amount of said compound or composition. 

io The mammal may be human, non-human primate, murine, bovine, ovine, equine, 

caprine, leporine, avian, feline or canine. 

Definitions 

The following are some definitions that may be helpful in understanding the 
description of the present invention. These are intended as general definitions and should 
in no way limit the scope of the present invention to those terms alone, but are put forth 
for a better understanding of the following description. 

In the context of this specification, the term "comprising" means 'Including 
principally, but not necessarily solely* 9 . Furthermore, variations of the word 
"comprising^ such as "comprise" and "comprises" have correspondingly varied 
20 meanings, 

In the context of this invention, die term "metal coordination complex" should be 
understood to mean that there are sufficient ligands or donor groups about tine 
coordinating metal sufficient to complete the coordination sphere. ligands coordinating 
the metal may be mondentate, or multidentate such as bidentate, tridentate, or 
25 tetradentate, as appropriate. Suitable ligands for a specific metal are known generally to 
those skilled in the an. Ligands may be coordinated to a metal in any suitable 
configuration, for example, cis or irons isomers. The ligands may be (R), <S), A, or A 
isomers, as appropriate. 

Ciaplatin is cisKiiarmninedichloroplatfaium(II), 
so Transplatin is trans-diamminedichloroplatinum(II). 

hi this context of this invention, the term "pyrrole-imidazole polyamide" means any 
polyamide comprising heterocyclic groups selected from optionally substituted N- 
melhylimidazole (abbreviated "Im"), optionally substituted N-methyl-pynole 
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(abbreviated "Py")> and optionally substituted 3-hydroxy N-methylpyrrole (abbreviated 
**Hp"), wherein the heterocyclic groins may be arranged in any order. 

The term "alky!" as used herein, includes within its moaning monovalent, saturated, 
straight and branched chain hydrocarbon radicals, 
s The term "alksnyl" as used herein, includes within its meaning, monovalent, 

Straight and branched chain hydrocarbon radicals having at least one double bond. 

The term "alkylene" as used herein, includes within its meaning divalent, saturated, 
straight chain hydrocarbon radicals. 

The term "alkenylene" as used herein, includes within its meaning, divalent, straight 
to chain hydrocarbon radicals having at least one double bond, 

The term "alkynylene" as used herein, includes within its meaning, divalent, 
straight chain hydrocarbon radicals having at least one triple bond. 

The term "aryl" as used heroin, includes within its meaning monovalent, single, 
polynuclear, conjugated and fused aromatic hydrocarbon radicals, 
w The term "arylene" as used herein, includes within its meaning divalent, single, 

polynuclear, conjugated and fused aromatic hydrocarbon radicals. 

The term "cyctoalkyl" as used herein, includes within its meaning monovalent, 
saturated, monocyclic, bicyclic, polycyclio or fbaed polycyclic hydrocarbon radicals. 

The term "cycloalkylene" as used herein, includes within its meaning divalent, 
20 saturated, monocyclic, bicyclic, polycyclic or fused polycyclic hydrocarbon radicals. 

The term "cycloaOcenyl" as used herein, includes within its meaning monovalent, 
saturated, monocyclic, bicyclic, polycyclic or fbsed polycyclic hydrocarbon radicals 
having at least one double bond. 

The term "cycloaJkenytenc" as used herein, includes within its meaning divalent, 
25 saturated, monocyclic, bicycttc, polycyclic or fused polycyclic hydrocarbon radicals 
having at least one double bond. 

The term "halo" or "halogen" as used herein, includes fluoro. chloro, bromo and 

iodo. 

The term "hetgroaryl" as used herein, includes within its meaning monovalent, 
30 single, polynuclear, conjugated and fused aromatic radicals having 1 to 12 atoms wherein 
1 to 6 atoms are heteroatoms selected from O, N and S. 

The term "heteroarylcne" as used herein, include* within its meaning divalent, 
single, polynuclear, conjugated and fused aromatic radicals having 1 to 12 atoms wherein 
1 to 6 atoms are hctcroatoms selected from O, N and S. 
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The term "heteroeycloalkyT as used herein, includes within its meaning 
monovalent saturated, monocyclic, tricyclic, polyoyclic or fused radicals wherein 1 to 5 
atoms are hetero atoms selected from O, N or S. 

The term "heterocyoloalkylcae" as used herein, includes within its meaning 
s divalent, saturated, monocyclic, tricyclic, polycyclic or fhsed polyoyclic radicate wherein 
1 to 5 atoms are hcteroatoms selected from O, N or S. 

The term <c heterocycloalkcnyl" as used herein, includes within its meaning 
monovalent, saturated, monocyclic, bioyolic, polyoyclic or fused polycyclic radicals 
having at least 1 doublo bond and wherein 1 to S atoms are heteroatoms selected from O, 
10 Nor S. 

The term "heterocycloalkenylene" as used herein, includes within its meaning 
divalent, saturated, monocyclic, bicyclic, polycyclic or fused polycyclic radicals having at 
least one double bond and wherein 1 to 5 atoms are heteroatoms selected from O, N or S. 
The terms 'therapeutically effective amount" and "diagnostically effective amount" 

is as used herein, includes within its meaning a sufficient amount a compound or 
composition of the invention to provide the desired therapeutic or diagnostic effect The 
exact amount required will vary fiom subject to subject depending on factors such as the 
species being treated, the age and general condition of the subject, the severity of the 
condition being treated, the particular agent being administered and the mode of 

20 administration and so forth. Thus, It is not possible to specify an exact "effective 
amount". However, for any given case* an appropriate "effective amount" may be 
determined by one of ordinary skill in the art using only routine experimentation. 

Brief Description of the Drawings 

25 Figure l - Synthetic scheme illustrating preparation of compounds according to the 

invention. 

Figure 2 - DNA melting profiles for Im/Py/Py-Pt at 260nm 
Figure 3 - Circular Dichroism and Induced Circular Dichroism spectra (240 to 400 
urn) for titration of DNA with Im/Py/Py-Pt. 
30 Figure 4 - Gel electrophoresis demonstrating binding of Im/Py/Py-Pt to a mixture 

of mlaxed and negatively supercoiled pUC19 DNA. Lanes: 0 Control rb= 0; I, rb- 0.008; 
2, xtr* 0. 0.016; 3, rb~ 0,025; 4, rfc« 0,033; 5, flf* 0.041; 6. rb~ 0,049; 7, rV=0.0S7; 8, ib= 
0.066; 9, rv= 0.074. 

Detailed Description of the Invention 
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Compounds having a site-specific DNA binding portion joined to a DMA binding 
metal complex (such as cisplatin, transplatin, ruthenium complexes, rhenium complexes, 
etc), may be suitable for use as sequence specific metallodrugs or diagnostic agents. The 
interaction between the sequence specific portion with the DNA backbone serves to 
5 selectively target the DNA binding metal complex to a particular region of the DNA 

Compounds comprising pynole-imidazoie polyamidcs and metal complexes such as 
cisplatin, transplatin, ruthenium complexes or rhenium complexes, may selectively target 
a polynucleotide by binding to short rootife. For example, the motif may be about 3, 4, or 
5 bases to about 30 bases in length, about 7 to about 28 bases, about 9 bases to about 26 
io bases, about 10 bases to about 24 bases, about 11 bases to about 22 bases, about 12 to 
about 20 bases, about 14 to about 19 bases, about 16 to about 18 bases in length. The 
pyrrole-imidazole polyamide chain may be used to target a sequence in the minor groove 
or major groove of a polynucleotide. 

In accordance with the present invention, a pyrrole-imidazole polyamide can be 
is chosen to selectively target a minor groove of a polynucleotide, such as DNA, and allow a 
therapeutic agent, for example a metal coordination complex such as cisplatin or 
transplatin, to bind covatently in a minor or major groove of DNA, for example, a major 
groove of DNA. 

Also in accordance with the present invention, a pyrrote-imidazole polyamide chain 
20 can be used to selectively target a reporter group, for example a metal coordination 
complex such as [Ru(di immc^] 2 *, to a major groove or minor groove, eg, a minor groove, 
ofDNA. 

Compounds of the present invention may also comprise a therapeutic agent and a 
reporter group. For example, compounds of the present invention may comprise a 
25 platinum complex, such as transplatin or cisplatin, us well as a fluorophore, such as a 
ruthenium complex. 

The linker group may be chosen to sufficiently distance the metal coordination 
complex from the pyrrole-imi dazole polyamide to optimise the binding interaction of both 
the polyamide and the metal coordination complex. 

30 The sequence selective pyrrole-imidazole polyamide chain targets the compound to 

a selected region of DNA Specific groups in the polyamide chain may be selected on the 
basis of the nucleotide sequence of interest Rules for the design of sequence selective 
polyamide chains are known to those of skill in the art. For example rules for the design 
of sequence selective polyamide chains are described in US 6,472,537 to Baird and 

33 Dervan, entitled 4< Poiyamides for binding in the minor groove of double stranded DNA"; 

puujwpnrorj *>a lit 



COMS ID No: SMBMMM42987 Received by IP Australia: Time (H:m) 13:04 Date (Y-M-d) 2Q03-10-O7 



7. OCT. 2003 17:56 



SPRUSON & FERGUSON 61 2 92615486 



NO. 8058 P. 23/41 



19 



and Bioor&inic and Medicinal Chemistry, 9, (2001) 2215-2235, the entire contents of 
which are incorporated herein by cross-reference. For example, it is known that Py/fcn 
targets C-G base pairs; Py/Hp targets A-T base pairs; Hp/Py targets T-A base pain and 
Im/Py targets G-C base pairs, 
s The sequence selective targeting nature of the compounds of the present invention 

provides the ability to target, for example, a therapeutic or reporter group to any sequence 
of interest Such sequences may be associated with a particular disease state, such as 
cancer, susceptability to a disease, or with infection by an infectious organism, such as 
HTV. For example, compounds of the invention may be used to specifically deliver a 
w therapeutic agent to a cell infected with HIV, for example, by designing a compound of 
the invention to target a polynucleotide sequence essential to viral replication. For 
example, it is known that the Rev Response element (RRE) is an HIV-1 RNA structure 
essential to viral replication (Frankel et ah, Annu. Rev. Biochem, 1998, 67, 1-25; Pollard 
et al, Anna. Rev. JMcrobiol., 1998, 52, 491-532). Similarly, the transaction Control 
.s region of HIV-1 (TAR31) is also believed to be necessary for transcription of full length 
HTV RNA, such that inhibition of the RNA protein interaction by targeting specific 
compounds of the invention to a conserved sequences) within TAR31 may represent 
another target for treatment or prevention of HTV infection. 

Compounds according to the present invention may-bind to a polynucleotide 
ao sequence in a 5' to 3' direction or in a 3' to 5' direction. 

In the compounds of the invention, a linker group is used to distance the metal 
coordination complex from the sequence selective polyamide. For example, the length of 
the linker group can be selected to position the metal coordination complex in a minor or 
a major groove of UNA. 

25 Compounds of formula (1) and (3) may self-assemble in solution to form 

oligomerio structures. For example, a self-assembled dimer of a compound of formula (1) 
[Im/Py/Py-Pi\ is illustrated below: 
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Synthesis of Compounds 

Compounds of the present invention are adaptable to being prepared in a modular or 
stop-wise fashion. For example, modular molecules, eg, compounds of formulae (1), (2) 
(3) and (4) may be prepared using the methods disclosed herein or other methods known' 
s m the art. The length of the polyamWe chain can be selected to bind to a particular 
nucleotide sequence. Individual modular molecules may bc concatenated by attaching to 
a metal complex, or to other modular molecules, to produce compound^) having the 
desired number of pyitole-imicazole polyamide(s) capable of selectively targeting a 
particular polynucleotide sequence. For example, compounds of the invention, such as 
10 r° mPOUndS ° f f0nm,lae (I >' (3 > <4> uprising pvm»le.imidazole polvamide(s) may 
be prepared which are capable of binding to a polynucleotide sequence comprising a 
selected cow sequence of about 2, 3. A, 5, 6, 7, 8, 9, or about 10 base pair groupings. 

By way of example, a pyrrole^imidazole polyamide may be coupled to a suitable 
linker group to produce a modular compound of formula (4). Compound(s) offonnula 
» (4) may be concatenated by reacting with a Suitable metal «K«dination complex, such as 
tamsplato. cisplatin, to produce modular compounds of formula (1). Compounds of 
fbnnula (1) may be reacted, tor example, with another compound of formula (4>, and so 
on. Tins strategy can be adapted to prepare compounds offonnula (3) and enables a wide 
range of modules to be produced. In addition, by coupling the modules wifo a metal such 
3 - <™^"« *e overall charge may be increased which may increase the affinity for 
negatively charged DNA. 

Compounds of formula (1) may be prepared by methods known to those skilled in 
the art. Statable methods are generally described, for example, and intermediates thereof 

MiTT* ™ H ° Uben - Wey1 ' ***°*» Orsanischen Chtmte; J. 

March, Advanced Organic Chemistry, 4* Edition (John Wiley & Sons, New York, 1992V 
D. C L,otta and At Volmer, eds, Organic Syntheses Reaction Guide (John Wiley & Sons 
toe, New York, 1991); R. C. Larock, Comprehensive Organic Transforations (VCR, 
New York, !989), H. C-. House. Modem Synthetic Reactions 2"' Edition (W A 
Benjamin, Inc., Menlo Park, 1972) " ' 

Sequence selective chains can be prepared using .techniques and reagents well 
known to those skilled in the art. The synthesis is generally steppe and based on 

ZZZ IT r*** skilled in the art wa, mat 

automated solid phase coupling methods could also be suitable for syntheaising 
polyamide compounds in accordance with the present invention. Heterocyclic rings of 
choice, for example N-mcthyl pyirole (p y)i N . methyl ^ ^ 



COM3 ID No: SMBM)044a987 Reeved by (P Australia: Time <H:m) 18:04 Date <Y-M-d> 2003-10.07 



7. OCT. 2003 17:57 



SPRUSON & FERGUSON 61 2 92615486 



NO, 8058 P. 25/41 



21 

methyl pyrrole (Hp), etc, can be added as required depending on the nucleotide sequence 
to be targeted Suitable protecting groups for use in amide coupling reactions are well 
know by those in the art and havo been described in Greene et al.. Protective Groups in 
Organic Synthesis. John Wiley & Sons, 2** Edition, 1991, Typically, the t-butyl 
5 caibajTiatc(BOC) or (FMOC) protecting group may be used to protect terminal amines. 
For example, FMOC protected diaminobutyric acid (DABA) may be used. Different 
coupling reagents can be used to help minimise formation of by-products and maximise 
yields. 

Once a suitable sequence selective pyrrole-imidazole polyamide has been prepared, 
io the metal coordination complex may be attached to the linker moiety at a terminal end of 
the chain. Alternatively, it may be possible to attach the metal coordination complex to 
the linker moiety before the linker is attached to the polyamide, A further alternative is to 
attach the metal coordination complex and linker moiety to a heterocyclic ring eg, in, Py 
or Hp (or dimer, trimer etc comprising Im, Py, Hp), then subsequently carry out further 
15 amide couplings to attach further heterocyclic rings to build up a polyamide chain or 
desired length. 

By varying the ratio of pyrrolc-imidazole polyamide to metal coordination complex 
(eg, 1 :lj 2U, 1:2 etc), it is possible to manipulate the proportion of products formed. The 
compounds produced may be isolated using methods well known to those skilled in the 

20 art, for example, column chromatography and HPLC 

Compounds of formula (1) according to the present invention may bind irreversibly 
to polynucleotides, eg. DNA, via covalent bonds. Where the compounds are eovalently 
bound to DNA, any testing can be destructive to both the metal complex and the DNA. 
The nature of the binding of the compounds according to the invention with DNA can be 

as probed using a variety of techniques known to those skilled in the art to characterise die 
interactions. For example, 

(a) DNA-Melting Experiments Monitored by Absorption Spectrophotometry - 
UV melting experiments can be used to assess the impact of compounds of formula (1) on 
the thermal stability of DNA duplexes. Techniques are known to those skilled in the art. 

30 By way of example, for the compound trans-Im/Py/Py-Pt three U-mer DNA 

duplexes can be used: 

1) d(CATTGTCAGAC)2 (target site), 

2) d(CATTGACAGAC)2 (single mismatch site) and 

3) d(CATTGAGAGAC)2 (double mismatch site). 
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The concentration of the duplex is kept constant, while the complex concentration 
ratio is be varied with respect to the DNA. The measured differences melting temperature 
(AT«) between the target site binding to the complexes and that of a single mismatch site 
and a double mismatch site can be compared with the extent to which the target sequence 
5 deviates from the $equenoe of the match site being correlated with the magnitude of ATm, 
as illustrated in Figure 2. 

(b) Binding Studies by Circular Dichroism (CD) Spectropolarimetry - CD 
spectropolarimitry may be used to determine the equilibrium constant and hence binding 
Strength of the metallo complexes. One advantage of this method is its sensitivity. 

lo Generally, DNA may be titrated into a fixed concentration of a compound of the 
invention, eg, a compound of formula (1) or (3), resulting in changes to the spectrum. The 
changes are generally monitored until saturation is reached. The equilibrium constant can 
be determined using standard techniques, such as Scatchand plot or the McGhee Von 
Hippel model for analysis. 

is Preferential binding may be quantified by varying the DNA duplexes. Final CD 

spectra can be normalised to reflect equimolar concentrations of duplex. 

(c) Footprfnting Studies The ability of compounds to bind in a sequence specific 
fashion can be determined though transcription assays. For example, a small fragment of 
double stranded DNA of specified length can be incubated with a compound of the 

20 invention, eg, a compound of formula (1), auch as trans-Im/Py/Py-Pt etc, then incubated 
with a cleavage agent under conditions that result in an average of one cleavage event per 
molecule. The DNA can then purified and analysed by electrophoresis though through 
12% denatured polyacrylamide sequencing gels and visualised using techniques known in 
the ait, eg, STAINS ALL**' radiolabeled isotopes, etc. If cleavage occurs randomly, the 

25 resulting populations of single-stranded DNA fragments will differ in length by a single 
nucleotide and will appear as a $eraicontiiiuous ladder on the geL However, if a region of 
DNA is protected from cleavage there will be a gap in the ladder of fragments. The 
"footprint" can be precisely located, for example, by aligning the gap with a set of 
Maxam-Gilbert sequencing reactions carried out on the same DNA. 

30 (d) Cell-lines - IC50 values (ic, the concentration of compound of the invention 

required to inhibit cell growth by 50%) can be determined using known techniques. 

Pharmaceutical and /or Therapeutic Formnlations 



COMS ID No: SMBI-00442987 Received by IP Australia: Time (H:m) 18:04 Date (Y-M-d) 2003-10*07 



7. OCT, 2003 17:57 



SPRUSON & FERGUSON 61 2 92615486 



HO. 8058 P. 27/41 



23 

In accordance with the present invention, when used for the treatment of disease, 
compounds of the invention may be administered atone. Alternatively, the compounds 
may be administered as a pharmaceutical formulation which comprises at least one 
compound according to the invention. The compound(s) may also bo present as suitable 
s pharmaceutical^ acceptable salts. 

By pharmaceutical^ acceptable salt it is meant those salts which, within the scope 
of sound medical judgement, are suitable for use in contact with the tissues of humans 
and lower animals without undue toxicity, irritation, allergic response and the like, and 
are commensurate with a reasonable benefit/risk ratio. Pharmaceutical^ acceptable salts 
io are well known in the art 

For instance, suitable phannaceutically acceptable salts of compounds according to 
the present invention may be prepared by mixing a phannaceutically acceptable add such 
as hydrochloric acid, sulfuric acid, methanesulftnic acid, succinic acid, fumario acid, 
maleic acid, benzoic acid, phosphoric acid, acetic arid, oxalic acid, carbonic acid, tartaric 
is acid, or citric acid with the compounds of the invention. Suitable phannaceutically 
acceptable salts of die compounds of the present invention therefore include acid addition 
salts. 

For example, S. M. Beige et ah describe phannaceutically acceptable salts in detail 
in J. Pharmaceutical Sciences, 1977, 66: 1-19. The salts can be prepared in situ during the 

20 final isolation and purification of the compounds of the invention, or separately by 
reacting the free base function with a suitable organic acid. Representative acid addition 
salts include acetate, adipaie, alginate, ascorbate, asparate, benzcnesulfonate, benzoate, 
bisulfite, borate, butyratc, caraphorate, camphorsulfonate, citrate, digluconate, 
cyclopentaaepropionate, dodecylsulfate, ethanasulfonate, fiimnrate, glucoheptonate, 

25 glycerophosphate, hcmisulfate, heptonate, hexanoate, hydrobromide, hydrochloride, 
hydxoiodide, 2-hydroxy-ethanesulibnate, lactobionate, lactate, laurate, lauryl sulfate, 
malate, maleate, malonate, methancsulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, 
oleate, oxalate, palnritate, pamoate, pectinate, persulfere, 3-phenylpropionate, phosphate, 
picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, ttdooyanate, 

30 toluenesulfonate, undecanoate, valerate salts, and the like Representative alkali or 
alkaline earth metal salts include sodium, lithium potassium, calcium, magnesium, and 
the like, as well as nontoxic ammonium, quaternary ammonium, and amine cations, 
including, but not limited to ammonium, tetramethylammonium, tetcaethylammonium, 
methylamine, dimethylamine, triracthylamine, triethylamine. ethylamine, triethanolamine 

35 and the like. 

IftAUBIQMUttrJjfac|g 
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is 



Convenient modes of administration include injection (subcutaneous, intravenous, 
etc.), oral administration, inhalation, transdermal application, or rectal administration. 
Depending on the route of administration, the formulation and/or compound may be 
coated with a material to protect the compound from the action of enzymes, acids and 
other natural conditions which may inactivate the therapeutic activity of the compound. 
The compound may also he administered parenterally or mhaperitoncally. 

Dispersions of the compounds according to the invention may also be prepared in 
glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary 
conditions of storage and use, pharmaceutical preparations may contain a preservative to 
prevent the growth of microorganisms. 

Pharmaceutical compositions suitable for injection include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. Ideally, the composition is stable 
under the conditions of manufacture and storage and may include a preservative to 
stabilise the composition against the contammating action of microorganisms such as 



In one embodiment of the invention, the compound of the invention may he 
adniinistered orally, for example, with an inert diluent or an assimilable edible carrier. 
The analogue and other ingredients can also be enclosed in a hard or soft shell gelatin 
so capsule, compressed into tablets, or incorporated directly into an individual's diet. For 
oral therapeutic adrrnnistration, the analogue can be incorporated with excipients and used 
in the form of mgestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, 
syrups, wafers, and the like. Suitably, such compositions and preparations may contain at 
least 1% by weight of active compound. The percentage of the compound of formula (I) 
s in pharmaceutical compositions and preparations can, of course, be varied and, for 
example, can conveniently range from about 2% to about 90%. about 5% to about 80%, 
about 10% to about 75%, about 15% to about 65%; about 20% to about 60%, about 25% 
to about 50%, about 30% to about 45%, or about 35% to about 45%, of the weight of the 
dosage unit. The amount of analogue in therapeutically useful compositions is such that a 
> suitable dosage will be obtained. 

The language "pharmaceutically acceptable carrier" is intended to include solvents, 
dispersion media, coatings, anti-bacterial and anti-fungal agents, isotonic and absorption 
delaying agents, and the like. The use of such media and agents for pharmaceutically 
active substances is well known in the art. Except insofar as any conventional media or 
agent is incompatible with the analogue, use thereof in the therapeutic compositions and 



COMS ID No: SMBI-00442987 Received by IP Australia: Time (H:m) 1&04 Date <Y-WW) 2003-10-07 




( 7. OCT. 2003 17:58 SPRUSON 4 FERGUSON 61 2 92615486 N0 . 8058 P. 29/41 



25 



methods of treatment is contemplated. Supplementary active compounds can also be 
Incorporated into the compositions according to the present invention. It is especially 
advantageous to formulate parenteral compositions in dosage unit form for ease of 
admiration and uniformity of dosage. Dosage unit form as used herein refers to 
5 physically discrete units suited as unitary dosages for the individual to be treated; each 
unit containing a predetermined quantity of analogue is calculated to produce the desired 
therapentie effect in association with the required pharmaceutical carrier. The compound 
may be formulated for convenient and effective administration in effective amounts with 
a suitable pruumaneutically acceptable carrier in an acceptable dosage unit Ihthecaseof 
10 «> m P°srti<** containing supplementary active ingredients, the dosages are determined by 
reference to the usual dose and manner of administration of the said ingredients. 
In one embodiment, the carrier may be an orally admmlstrable carrier. 
A particularly suitable form of a imarmaceutical composition is a dosage form 
formulated as enterically coated granules, tablets or capsules suitable for oral 
is administration. 

In one embodiment, the compound may be administered by injection. In the case of 
injectable solutions, the carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyetheylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The 
» proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by 
the maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of nncrcorganisms can be achieved by including 
various antibacterial and/or anti-rongal agents. Suitable agents are well known to those 
skilled m the art and include, for example, parabens, ehlorobutanol, phenol, benzyl 
5 alcohol, ascorbic acid, thimerosal. and the like. In many eases, it may be preferable to 
include isotonic agents, for example, sugars, polyaloohols such as mannitol, sorbitol. 
sod,um chloride in the composition. Prolonged absorption of the injectable compositions 
can be brought about by mcluding in the composition an agent which delays absorption, 
for example, aluminium monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the analogue in the 
required amount in an appropriate solvent with one or a combination of ingredients 
enumerated above, as required, followed by filtered sterilisation. Generally, dispersions 
are prepared by incorporating the analogue info a sterile vehicle which contains a basic 
dispersion medium and the required other ingredients fiom those enumerated above. 
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Tablets, troches, pills, capsules and the like can also contain the following! a binder 
such as gum gragaoanth, acacia, com starch or gelatin; excipiente such as dicaldum 
phosphate; a disintegrating agent such as com starch, potato starch, alginic acid and the 
like; a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, 
lactose or saccharin or a flavouring agent such as peppermint, oil of wintergreen, or 
cherry flavouring. When the dosage unit form is a capsule, it can contain, in addition to 
materials of the above type, a liquid carrier. Various other materials can be present as 
coatings or to otherwise modify the physical form of the dosage unit For instance, 
tablets, pills, or capsules can be coated with shellac, sugar or both. A syrup or elixir can 
contain the analogue, sucrose as a sweetening agent, methyl and propylparabens as 
preservatives, a dye and flavouring such as cherry or orange flavour. Of course, any 
material used in preparing any dosage unit form should be pharmaceutical^ pure and 
substantially non-toxic in the amounts employed. In addition, the analogue can be 
incorporated into sustained-release preparations and formulations, 
ts Preferably, the pharmaceutical composition may further include a suitable buffer to 

niinimise acid hydrolysis. Suitable buffer agent agents ore well known to those skilled in 
the art and include, but am not limited to, phosphates, citrates, carbonates and mixtures 
thereof 

Single or multiple administrations of the pharmaceutical compositions according to 
20 invention can be canied out. One skilled in the art would be able, by routine 

experimentation, to determine effective, non-toxic dosage levels of the compound and/or 
composition of the invention and an administration pattern which would be suitable for 
treating the disorders or diseases to which the compounds and compositions are 
applicable. 

s Further, it will be apparent to one of ordinary skill in the art that the optimal course 

of treatment, such as the number of doses of foe compound or composition of the 
invention given per day for a defined number of days, can be ascertained using 
convention course of treatment determination teats. 

Generally, an effective dosage per 24 hours maybe in the range of about 0.0001 mg 

> to about 1000 mg per kg body weight; suitably, about 0.001 mg to about 750 mg per kg 
body weight; about 0.01 mgto about 500 mg per kg body weight; about 0.1 mg to about 
500 mg per kg body weight; about 0.1 mg to about 250 mg per kg body weight; or about 
1.0 mg to about 250 mg per kg body weight. Mora suitably, an effective dosage per 24 
hours may be in the range of about 1.0 mgto about 200 mg per kg body weight; about 1 0 
mg to about 100 mg per kg body weight; about 1.0 mg to about 50 mg per kg body 
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wdght; about 1 .0 mg to about 25 mg per kg body weight; about 5.0 mg to about 50 mg 
per kg body weight; about S.0 mg to about 20 mg per kg body weight; or about 5.0 mg to 
about 1 5 mg per kg body weight 

Alternatively, an effective dosage may be up to about 500 mg/nA Generally, an 
s effective dosage may be in the range of about 25 to about 500 mg/m 2 about 25 to about 
350 mg/m 2 , about 25 to about 300 mg/m 2 , about 25 to about 250 mg/in 2 about 50 to 
about 250 mg/m 2 , or about 75 to about 150 mg/m 2 

Hie compounds of the invention may be used in combination with other known 
treatments, such as surgery and/or therapeutic agents, including ehemotherapeutic or 
io radiotherapeuticsL When used in the treatment of solid tumours, compounds of the 
present invention maybe administered with ehemotherapeutic agents such as: adriamycin, 
taxol, fluorouricil, melphalan, alpha interferon, COMP (cyclophosphamide, vincristine, 
methotrexate and prednisone), etoposide, mBACOD (methotrexate, bleomycin, 
doxorubicin, cyclophosphamide, vincristine and doxameuasone), FROMACE/MOPP 
is (prednisone, methotrexate (w/leucovin rescue), doxorubicin, cyclophosphamide, taxol, 
etoposideymeobloremaimne, vincristine, prednisone and procarbazine), vincristine,' 
vinblastine, angioinhibins, TNP-470, pentosan polysul&te, platelet factor 4, angiostatin, 
LM-609, SU-101, CM-101. Techgalan, thalidomide, SP-PG and the like. Other 
chemotherapeutic agents include alkylating agents such as nibogen mustards including 
» mecMoetbemine, melphan, chlorambucil, cyclophosphamide and ifosfamidc; nitrosoureas 
including carmoetine, lomustine, semustine and streptozocin; alkyl sulfonates including 
busulfim; triazines including daoarbazine; ethylenimines including tbiotepa and 
hexamethylmelamine; folic acid analogues including methotrexate; pyrimidine analogues 
including S^fluotottracil, cytosine arabinoside; purine analogues including 6- 
25 meroaptopurine and 6-tmoguanine; antitomour antibiotics including actinomycin D; the 
anthracyclines including doxorubicin, bleomycin, mitomycin C and methramycin; 
hormones and hormone antagonists including tamoxifen and coraosteroids and' 
miscellaneous agents including brequinar. 

Examples 

3Q The invention will now be described in more detail, by way of illustration only, 

with respect to the following examples. The examples are intended to serve to illustrate 
this invention and should not be construed as limiting the generality of the disclosure of 
the description throughout this specification. 
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lh the present invention one example of a sequence for binding may be 
d(CATTGTCAGAC) 2 . Two other 11-mer sequences have been prepared - one with one 
mismatch and the other with two mismatches. Analogous 18-mere have also been 
prepared to assess the trinuclear complex, trans-Im/Py/Py-Pt-Py/Py/Im. The binding 

s constant of the dimer and tritner may be determined by measuring the change in Circular 
Dichroi&m (CD) upon titration of each of the three duplexes. Footprinting experiments 
may be used to assess the binding fidelity. STAINS ALL® can be used for these 
experiments. STAINSALL* has the advantage that it negates the need to use 
radiolabeled isotopes. However, radioisotopes may also be used. 

io The animal tumour, L1210 leukaemia, may be used as a primary screen of newly 

synthesised compounds in addition to cisplatin resistant L1210 cell lines. 

Example 1 
Synthesis of/m/Py/Fv 

i5 The polyamide Im/Py/Py was prepared by a similar method to that of Lown ct al.(/ 

Org, Ch&n. 7 1985, 50(20), 374-379). The synthesis otlm/Py/Py is shown schematically 
in Figure U 

MethyI-4-nitropyrrote-2-carboxyUc add (1). 

Acetic anhydride (8ml) and nitric acid (70%, 1,6 ml ) were heated to 50 °C for 15 

*0 minutes and cooled to room temperature. The solution was then slowly added to a 
suspension of l-Methyl-2-pynolecarboxylic acid (2.0 g, 0.02 mol) in AcaO (12 ml) 
cooled to -25 °C. The mixture was stirred for 30 min at -15 °C, wanned to room 
temperature and stirred for another 20 min. The mixture was again cooled to -25 *C and 
the resulting preoipitate collected in a funnel cooled with dry ice. The solid was washed 

25 with cold Ac 2 0 (-25*0), followed by AcaOCCU (1:1, -25 °Q, and then CCI4 and hexane. 
The yellow solid was dissolved in NaOH (1M) and acidified with HC1 to yield the 
product as a light cream solid which was collected and air-dried. Yield 0,98 g (36%). ! H 
NMR (DMSO): 5 8.19 (d, 1H, J « 1.8 Hz); 7.23 (d, 1H» J = 2.0 Hz); 3.90 (s, 3H). 

Methyl 1 -methy 1-4-n itropyrrol e-2-carb oxylate (2). 
3D A solution of H2SO4 (0.4 ml) in MeOH (4 ml) was added to compound 1 (0.4 & 

2.35 mmol) and the mixture refluxed for 24hr. Water was added and the mixture extracted 
with CHCI3. The organic layer was dried (MgS04), and the solvent evaporated under 
vacuum. The residue was purified by flash chromatography (100% CH2CI3) to yield the 
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product as a crystalline solid. Yield 0.33 g (79%). >H NMR (DMSO): 8 7.57 (d, IH, J - 
2.1 Hz); 7.40 (d, IH. J - 2.0 Hz); 3.99 (a, 3H)j 3 86 (s, 3H. C00CH 3 ). 

Methyl l-metivM^l-methyl^nitropyrTol^ZHJarboxa^ 
(3). 

s Compound 2 (0.34 g, 1.85 mmol) in methanol (150 ml) and Pd/C (10%, 0.03 g) 

were stirred under Hi (I atm) for 1 hr. The catalyst was removed (celite), and the solvent 
evaporated to dryness, DHsopropyl ethylamine (1 ml) in THF (5 ml) was added, the 
solution cooled to -20 °Q and treated with a solution of the acid chloride of 1 (OJlg 
refluxed with thionyl chloride) in THF (5 ml). The mixture was allowed to warm to room 

. temperature and stirred for a further 30 ruin. T*e solvent evaporated to dryness, and 
water (5 ml) added. The solid was collected, and reciystallized by dissolving in hot DMF 
and precipitating with ethanoL Yield 0.46 g (82%). >H NMR (DMSO): 8 10.23 (s, IH, 
NH); 8.16 (d, IH, J- 1.9 Hz); 7.52 (d. IH, J =2.0 Hz); 7.43 (d, IH, J = 2.0 Hz); 6.87 (d, 
IH, ) = 1.9 Hz); 3.93 (s, 3H); 3.86 (s, 3H); 3.73 (s, 3H). 

l-Methyl^l-memyM-nitropyrToIe-2^artoxairddo)pyrrol^ (4) . 

Compound 3 (0.10 B , 0.33 mmol), NaOH (0.7M. 2.4 ml) and ethanol (2.4 ml) were 
refluxed until the solid dissolved. The red solution was cooled and acidified with 
concentrated HC1 to precipitate the product as a yellow solid. Yield 0.09 g, (88%) «H 
NMR (DMSO): 8 12.19 (bs. IH. OH); 10.18 (s, IH, NH); 8.15 (d. IH, J - 1.9 Hz); 7 52 
(d, IH, J= 1.9 Hz); 7.36 (d. IH, 1.9 Hz); 6.78 (d. IH, J - 1.9 Hz); 3.93 (s, 3H); 3.81 
(% 3H). 

N-di-tert-bntoxycarbonyM,2-ethanedi3iniine (en-BOQ 

This step was carried out as described by Krapcho et al (Synthetic Coinmunications 
1990, 20(16), 2559-2564). A solution of di-tert-butyl dicarbonate (1.0 g, 4.58 mmol) in' 
CHjCfc (12 ml) was added over a period of 2.5 hr to a solution of ethylenediamine (2 le, 
35.61 mmol) in OfcCfc (12 ml), which was cooled in an ice bath. The mixture was" 
allowed to stir at room temperature fbr 24 hr and the solvent removed under reduced 

? ZT„ jT (20ml)Wa5addCdamI ffltere * ™ c fi^te was extracted 

wnfc CKCb (3 x 50 ml), the organic layer dried (MgS0 4 ) and the solvent evaporated to 
yreW the product as an oil. Yield 0.64g (879*). NMR (CDCfa): 8 4.93 (bs. IH, NH-Boc); 
^^ZH.J^e.OH^J^lO.SHz^^^^.J.^Hz); ,.42 (s.9H,Boc); 1.4, (s. 



OOMS ID No: SMBW0442987 Record by IP Auatmlla: Ttao ( H:m ) 1 8: 04 Date (Y-M-d) 2003-10*7 



7. OCT. 2003 18:00 



SPKUSON & FERGUSON 61 2 92615486 



NO. 8058 P. 34/41 



30 



to 



ts 



carbonyl}-amino)-eftyj]-carbamic add tert-butyl ester (5a). 

This step was earned out as described by Dcrvan et al.(/ Am. Chem. Soc„ 1992 
114,8783-8794.) 

To a solution of compound 4 (0.07 g, 0.22 mmol), HOBT (0.04 g, 0.26 mmol) and 
en-Boc (0.04 g, 0.26 mmol) in THF (7 ml) at O *C was added EDCI (0.05 g, 0.24 mmol) 
in CH2CI2 (3 ml). The solution was allowed to wann to mom temperature and stated for 
20 hr. Tne mixture was filtered (celite), and H 2 0 (15 ml) added. The solution was 
extracted with CHCfe (30 ml) and the organic layer dried (MgS04). The solvent was 
removed under vacuum and the crude residue purified by flash column chromatography 
(5% methanol/CHjCl*) to yield the product as a yellow solid. Yield 0.073 g (70%) l H 
NMR (DMSO): 8 10.20 (s, IH, NH), 8.15 (d, IH, J — 1.8 Hz), 7.99 (t, 1H. J - 5.4 Hz, 
NH), 7.55 (d. IH. J - 1.8 Hz), 7.18 (<* 1H, J m 1,8 Hz). 6.85 (bs, IH, NH-Boc); 6.83 (d, 
1H, J = 1.8 Hz), 3.94 (s, 3H), 3.79 (s, 3H), 3.17 (m, 2H, CHi), 3.04 (m, 2H, CH*). 1.37 (s, 
9H,C(CH S ),). 



(2-{[l -Memyl^{l-i U ewyM.Ki^^ 

l>yno»*2-«uH>QByl^ain^^ ftcM 
20 tert-bntyl ester (6a). 

Compound 5a (0.1 g,0-23 mmol) in methanol (75 ml) was added ttCfe (O.Olg) and 
the solution hydmgenated at lata for 26 hr. Catalyst filtered (celite) and DMF (3ml) 
added. Methanol removed under vacuum and N-methylimidazole-2-carboxyUc acid 
(0.O7& 0.55 mmol) was added followed by HOBT (0.09g, 0.69 mmol) and TBTU (0.22& 

23 0.69 mmol). Triethylamine (0.3 ml, 2.3 mmol) was added and the solution stirred for 1 hr. 
Solvent was removed under vacuum and the residue purified by flash chromatography (3- 
5 % MeOH/ CH,C1,). Yield O.lg (42%). 'HNMR (DMSO): 6 10.47 (s, 1H, NH), 9,93 (s 
1H, NH), 7.98 (t, IH, NH, J « 6.0 Hz) 7.39 (d, IH. J - 1.2 H*). 7.28 (d, 1H, J = 1.5 Hz),' 
7.18 (d, IH, J = 1.5 Hz) 7.14 (d, IH, J - 1.8 Hz). 7.03 (d, IH. J = 1.2 Hz), 6.88-6.86 (bs, 

io 2H, IH and NH-Boc), 3.98 (s, 3H), 3.82 fc 3H), 3.78 (s. 3H). 3.18 (m, 2H. CH 2 ), 3.04 
(m, 2H. CHa), 1.37 (s, 9H, ^CHjfe). 

l-Methyl-lH-imIdazole-2-carboxyUc add {5-[5-(2-amino-ethylc ar b a inoyI)-l-mcthyl- 
lH-pyrro|.3-ylcarbamoylH-methyl-lH.pyrroM^yl}-amfde (7a) 
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Compound 6a (0.29g, 0.06 mmol) and TFA/CH3CI2 (1:1,2 ml) containing IfcO (40 
Hi) were stored at room temperature for 1.5 far. The solvent was removed under pressure 
and the residue stirred with DOWBX? 550A OH anion exchange resin (0.O5& 0. 1 7 mmol, 
washed with MeOH). The solution was decanted and evaporated. CHCI3 (5 ml) was added 
and the solid collected and dried under vacuum. Yield 0.02g (90%). l H NMR (DMSO); 5 
10.49 (a, IH, NH), 9.96 (s, IH, NH), 8.13 (t, IH, NH, J = 6.0 Hz) 7.71 (bs, 2H, NHj). 
7.40 (d. IH, J =1.5 Hz), 7.28 (d, IH, J = 1.S Hz), 7.18 (d, 1H, J = 1,5 Hz) 7.15 (d, IH, J - 
1.8 Hz), 7.04 (d. IH, J - 1.2 H*)» 6.98 (d, IH J = 1.5 Hz), 3.98 (a. 3H), 3.83 (s, 3H), 3.81 
(s, 3H). 3.5-3.2 (m, 2H, CHj), 2.92 (m, 2H, CH 2 ). 



trans-IPtCl(NH3) a (7a)ja 

Transplatin (0.10g, 0.34 ramol) and compound 7a (0.14g, 0.34 mmol) in HjO (45 
ml) were reflnxed until the mixture dissolved (24hr). The solution was cooled and 
is filtered. The solvent was evaporated and MeOH (10 ml) added. The solid was removed 
and the filtrate concentrated. CHjClz was added (10 ml) and stored for 30 nun. The solid 
was collected and dried under vacuum The synthesis is represented schematically below. 
Yield 0.24g (63%). «H NMR (DMSO): 5 1 1.52 (s, IH, NH), 10.09 (s, IH, NH), 8.17 ft 
IH. J = 5.4 Hz, NH), 7.84 (bs, 2H, NHa), 7.56 (d, IH, J = 1.5 Hz), 7.45 (d, IH. J - 1.5 
20 Hz), 7.32 (d, IH. J ■ 1.5 Hz), 7.29 (s, IB), 750 (d, IH. J - 1.5 Hz), 7.15 (d, IH, J ~ 1.8 
Hz). 7.12 (a, IH), 6.99 (d, IH, J - 1.8 Hz), 6.95 (a, IH), 4.00 (a, 3H), 3.90 (s, 3H). 3.83 (s, 
3H). 3.81 (s, 3H), 3.6-3.2 (m, 2H. CHa), 2.93 (m, 2H, CH 2 ); MS calculated for 
CwHaodNjoQjPf" (677.04). Found 677.0 
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Example 2 

DNA Mrffnp gaggrimentt 
DNA melting profiles were acquired for LruPy/Py-Ft at 260am using a Coxy IE 
recording spectrophotometer equipped with peltier controlled cell bolder and cell length 
of 1 cm. The hating rate in all experiments was 0.5°CW Solutions conditions ate 
sodium phosphate (10 mM), edta ( 1 mM) and NaCl (40 mM) adjusted to pH 7.0. 
DNA melting curves are shown in Figure 2. 



CD Titrating 

All CD measurements were recorded on a Jaseo J-8I0 CD spectropolarimeter at 
room temperature and cell length of 1 cm. Titrations were performed by incrementally 
adding ahquots otlmfry/PyPt to a 2600pX solution of S uM duplex DNA. After each 
addition, an average CD spectrum from 240 to 400 nm (20 accumulations) was recorded 
DNA concentration was S uM. The concentration of IrtPy/Py-Pt ranged from 0 to 10 
uM. SolutioncondmonswerelOmMsodi^^ CD 
spectra obtained are shown in Figure 3. 



20 
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Example 4 
Unwinding Experiments 
Gel electrophoresis indicates that variable amounts of Im/Py/Py-Pt have been hound 
to a mixture of relaxed and negatively superceded pUC19 DNA. The unwinding angle 
s was determined to be 13o for this experiment, which is the same as that reported for 
cisplatin <13o).7 The plaamid was incubated with Im/Py/Py-Pt for 1 .5 hr at 37 <>C. Lanes: 
0 Control rb= 0; 1. vor 0.008; 2, fo= 0. 0,016; 3. rb« 0.025; 4, ib= 0.033; 5, ib» 0.041; 6, 
tb= 0.049; 7, ib=0.057; 8, t\y» 0.066; 9, fo= 0.074. The top bands corresponds tp foe form 
of niclced plasmid and the bottom bands to foe closed, negatively supercoiled plaamid 
19 shown in Figure 4. 
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Figure 1 
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